Process of two pion production in electron -polarized proton scattering is investi- 
I. INTRODUCTION
We consider the kinematical region of small angles electron scattering, which corresponds to the fragmentation region of the initial polarized proton. Besides we are interesting the case of small invariant masses of the final system consisting of the nucleon and the pair of mesons supposed to be not exceeding the mass of baryon resonances. In this case the intermediate state with ρ-meson becomes important. Apart of Weitzsaker-Williams (WW) enhancement [1] [2] [3] , which is associated with "large logarithmic factor" (ln s 2 / M frame is implied).
Our paper is organized as follows. We start the general consideration in Section II where we consider the processes
The definite channels of π + π − production and π + π 0 production are considered in Sections III, IV correspondingly. In Section V we gather the final results and demonstrate some numerical estimations for experimental observables.
Comparison with data obtained at HERMES facility are given.
II. GENERAL CONSIDERATION
The elastic scattering kinematics is implied
Besides we consider the case of small angles of electron scattering:
So for HERMES facility we have s ≈ 30 − 40 GeV 2 . Matrix element in Born approximation has a form
where J ν (q) is the hadron current
which obeys the current conservation condition J λ (q)q λ = 0, operator O ν will be defined in Sections III, IV. The quantity G is a product of ρ-meson coupling constants G = g ρππ g ρN N .
For the peripheral kinematics the Sudakov parametrization of 4-vectors of the problem is useful [6] [7] [8] . For this aim we introduce two almost light-like 4 vectorsp 1 andp:
And the corresponding parametrization reads as
where the orthogonality conditions (p 1 a ⊥ = pa ⊥ = 0) takes place. The 4-vectors a ⊥ have only spatial components, besides it's z-axis component is zero (we choice as a z-axis the direction of motion of initial electron a ⊥ = (0, 0, a), where a is a 2-dimensional vector transversal to the z-axis. Thus we have
The conservation law and final particles mass-shell conditions give the following relations:
for the subprocess of
x + x + + x 0 = 1,
Significant simplification comes from the Gribov's form of the metric tensor g µν in photon
propagator [6] :
The channel of π + π − production corresponds to
In phase volume transformation we used the mass shell conditions for scattered electron
and the conservation laws (8) and (9) . Specific attention should be payed to expressing the transfer momentum squared q 2 . Using the scattered electron mass shell condition (19) we can write it as
The quantity sβ can be expressed in terms of invariant mass squared of final hadronic system:
This quantity in Weitzsaker-Williams approximation can be written as
where
We see that the transferred momentum q is the space-like 4-vector with non-zero module.
One can see that the module of the matrix element tends to zero in the limit then transferred momentum q goes to zero. To be convinced let us write the quantity N h as
where we have used the current conservation condition.
Here and further we restrict ourselves only by the approximation of a "large logarithm"
(i.e. so called Weitzsaker-Williams approximation). For this aim we perform the integration over the transferred momentum using the relation
where L is the "large logarithm":
Writing the matrix element of the pions photoproduction sub-process γ
and using the density matrix of a polarized proton as
where 4-vector a is the polarization vector of the initial proton (i.e. p · a = 0), we obtain for the differential cross section:
We note that for HERMES conditions the factor
3 ) have a rather large value σ 0 ≈ 2 · 10 −30 cm 2 , i.e. of order of two microbarns. The explicit expressions for the quantity S i for both processes considered here are given in Appendices A, B.
III. MATRIX ELEMENT OF π + π − PRODUCTION ON A PROTON
The matrix element of π + π − mesons production can be presented as a sum of two separately gauge-invariant contributions
First term describes the subprocess of creation of pion pair by (virtual) photon and (virtual)
where e = e(q) is the polarization vector of virtual photon,
Second term describes the subprocess of Compton scattering on a proton with emission of ρ-meson which subsequently decays into pion pair
where v = −q + +q − . Here we omit the QED coupling α since it is already taken into account in (26).
Both contributions (M 1 and M 2 ) satisfy the gauge condition: they turn to zero when use the mass shell conditions and replace e(q) → q.
The matrix element (28) can be written in the form
where we left only quadratic over q terms and operatorÔ +− has a form:
and the ρ-meson and pion propagators denominators are
For the subprocess γ
the Compton-like amplitude
also three terms corresponding to conversion of virtual photon and virtual ρ-meson to pion pair:
It can be checked that the sum
obeys the gauge condition. Writing this amplitude in the form similar to (31) leads us to
where:
where the expressions for s 1 , D ρ , D π can be obtained from the relevant expressions for process of π + π − production (see Section III) by replacement q − , x − → q 0 , x 0 .
V. RESULTS
The differential cross section of pion pair electroproduction processes which we are considering here can be obtain using Equ. (26). In case of π + π − pair production we have to insert the quantity S +− into this formula (26). This quantity has a form: where permutation operator P ± acts on any function F (x + , x − , q + , q − ) in the following manner
and the quantities A, C, D, F in (37) are given in Appendix A.
In case of π + π 0 pair production we have to insert the quantity S +0 into this formula (26).
This quantity has a form:
where quantities A 1 , A 2 , B, C, D, E, F , G, H are given in Appendix B.
Dalitz-distribution (the distribution over final pions energy fractions) can be written in the following form
where function
This function in case of π + π − production is presented in Table I , while in case of π + π 0 production is in Table II . In the experimental setup when we fix the azimuthal angle ψ between the proton polarization vector a and transverse momentum of one of pions q + , i.e. ψ = ( a, q + ), some polarization dependent contributions appear:
And thus in experiment the asymmetry [4, 5] A We should note that the meaning of quantities x, x 1 , x 2 is different in laboratory reference frame and in the center of mass of the initial particles (c.m. frame). In c.m. frame they are the energy fractions of the jet consisting of the recoil proton and pions which obey the conservation laws
In Laboratory frame, keeping in mind the explicit form of the light-like vectorsp and
we have for energies: 
The values of 3-momenta squares are
We specifically emphasize that in left part of these equalities are 3-dimensional vectors and in the right part -the two dimensional vectors (their components perpendicular to the initial electron direction are zero).
Dalitz-plot distributions for unpolarized case (see Fig. 1 and 2, while σ 0 ≈ 2µb) seems to be accessible in experiments of HERMES. The one-spin asymmetries (see (43)) have a value of several percents and as well can be measured. Preliminary comparison of these quantities are in qualitative agreement with data obtained at HERMES [9] .
Appendix A: The production of π + π − pair
Here we present the the explicit expressions for the values A, C, D, F for process π + π − production (see (37)):
The expressions for coefficients are
(A5)
3 ; 
F 31 = 1 4x
Appendix B: The production of π + π 0 pair
Here we present the the explicit expressions for scalar coefficients in trace for the process π + π 0 production (see (39)): 
